INTRODUCTION

45
The changes of emotional states are associated with alterations of the blood flow So far, six facial thermography studies were conducted on nonhuman primates. Three of increase or decrease is the result of direct autonomic (sympathetic/parasympathetic) 105 stimulation [Cannon, 1929] , which activates different β-adrenergic receptors in the body, 106 leading to its increase or decrease [Bers, 2002] . Positive emotions cover a range of 107 affective states in humans (e.g. joy, contentment) and imply different physiological 108 patterns [Kreibig, 2010] . For instance, joy is characterized by increased vagal control and 109 β-adrenergic and cholinergic neurotransmitter release, while contentment is 110 characterized by a decrease of α-and β-adrenergic and cholinergic activity along with 111 mild cardiac vagal activation [Wright, 1996] . Moreover, anger and frustration are 112 characterized by an increase in heart rate and α-and β-adrenergic influences [Vella & 113 Friedman, 2009] .
114
In the current study, three monkey taxa and two ape taxa were examined during positive 115 and negative emotional states. It is important to note that we did not attempt to compare 116 across the five primate taxa of this study since potential differences here may be 117 explained by various factors other than phylogeny (e.g., different social group 118 constellations and rearing histories). Instead, the approach of this study was to capture Park (UK). All subjects were habituated to human interactions, facilitating thus the data 180 collection. The data were collected when the subjects were in their social groups (groups 181 of twelve marmosets, three capuchins, five macaques, four gibbons, and four gorillas) 182 and in the enclosures where they stayed on a daily basis. All primates were outdoors 183 during the data collection, except the marmosets and gorillas, who were studied indoors.
184
The outdoor and indoor enclosures were equipped with climbing structures, and other 185 enrichment objects. The main feeding times were in the morning and afternoon for all 186 subjects (8am, 3pm and 5pm), except for the gorillas (12pm and 3pm). The subjects had 
208
In addition, food delay or teasing were used to induce negative states related to anger or 209 frustration. The experimenter presented to a subject food (crickets, mealworms or fruits) 210 that was out of reach for one minute. The experimenter held the food in the hand and if 211 the subject tried to reach for the food, the experimenter held the food further away.
212
Exceptions here were made for two gorillas as it would not have been safe to give them 213 the food directly from the hand. For the gorillas, a fruit bucket was placed on the ground 214 (out of reach). All subjects received the food after this condition ended. For the neutral 215 condition of this study, the subjects had to be calm (e.g., sitting in a relaxed way, with a 216 relaxed face and with no piloerection) for up to 10 seconds.
217
The testing took place after the subjects spontaneously separated from their social group 218 and approached the experimenter, without any group member interfering. Hence, during 219 the testing, the subjects could freely move in their enclosure and leave the experimental 220 area at any time. This prerequisite ensured that the subjects behaved naturally as well as (for an overview on the number of sessions, see Table I ). The experimenter stood outside No direct sunlight affected the data collection as it was too cloudy for the sun to be visible 244 during the outdoor recordings. In addition, the recordist collected the thermal data 245 underneath a ceiling for all sessions, except the gibbon session. For an overview of the 246 enclosure temperatures during the recordings, see Table I . In addition, each subject was 
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To ensure that the recording angle did not influence the thermal data, the frontal frames
263
(subject face turned towards the thermal camera) and the sideway frames (subject face 264 turned away from the thermal camera with an angle up to 45°) were statistically compared 265 within the neutral condition. The compared frames were no more than 10 seconds apart 266 from each other in order to avoid other factors having an impact.
268
The thermal analysis was carried out by one coder who was naïve about the hypotheses 269 and the different conditions. This coder was first trained by another researcher, who was 270 experienced with extracting such data from humans. To further ensure that the data were 271 reliably obtained, three sessions were then coded by both researchers and a full 
Behavioral analysis
277
For the behavioral analysis, the intensities of bodily movements as well as the 278 presence/absence of facial expressions and calls were coded for every five-second 279 interval which preceded each thermal picture frame that was measured for the thermal analysis. Only small bodily movements were observed during the test, and were coded 281 as either absent, slow (e.g., gently reaching for the toy or food) or rapid (e.g., quickly and 282 repeatedly grabbing for the toy or food). In addition, low and high level of behavioral 283 indicators of positive and negative emotional states were coded (for a list and description 284 of the behavioral indicators, see Table II ; for video clips, see Supplementary Material S2).
285
The coding of behavioral indicators was meant to help find out if at least some of the 286 subjects experienced the relevant emotion tested for and, consequently, if the approach 287 to induce positive and negative emotional states, respectively, was successful. Table II here ---
The behavioral analysis was conducted by two coders using Windows Media Player. The Five of the nine subjects tested with either the toy or tickling showed behavioral indicators 312 of positive emotional states (Table II) . All of the ten subjects tested for food delay or 313 teasing showed behavioral indicators of negative emotional states (Table II) . Behaviors 314 associated with positive state were absent during the food delay or teasing condition; 315 behaviors associated with negative state were absent during the toy or tickling condition.
316
For the combined toy and tickling condition, the thermal analysis showed a significant 317 decrease in the nose tip temperature of the subjects from the neutral condition to the NNo/slow=9, NRapid=4, p=0.60) and for the combined food delay and teasing condition 395 (Mann-Whitney U test: peri-orbital: U=15, NNo/slow =8 subjects, NRapid=5 subjects, p=0.52; 396 nose bridge: U=17, NNo/slow=7, NRapid=5, p=1; nose tip: U=19, NNo/slow=8, NRapid=5, p=0.94; 397 upper lip: U=17, NNo/slow=8, NRapid=5, p=0.72). Only four subjects showed no/slow bodily three subjects when tested for food delay or teasing. Furthermore, one subject produced 400 facial expressions and calls during testing (one gorilla produced play faces and laughter 401 during play).
402
For the positive emotion, the subjects showed 3.4±0.6 (mean±SE) slow movements and 403 8±3.5 rapid movements during the toy condition, and the gorilla tested during the tickling 404 condition showed 10 slow movements as well as 4 rapid movements. Regarding the 405 negative emotion, the subjects displayed 2±0.2 slow movements as well as 2.5±0.8 rapid 406 movements during the teasing condition, and the gorillas showed 5.5±1.5 slow 407 movements, and only one subject showed 7 rapid movements. The number of 408 movements per session is presented in the Supplementary Material S1. [Kleiber, 1932] .
507
Although, the study presents some methodological issues regarding the uneven number 508 of sessions between the subjects and the small sample size, the nonparametric analyses 509 showed significant thermal changes, which revealed a reliable degree of statistical rigidity. sympathetic arousal, they lead to heart acceleration and the constrictions of the blood 515 vessels whereas during parasympathetic activation, they lead to an inhibition of the release of specific neurotransmitters, such as adrenalin and acetylcholine, and to 519 changes in the blood flow [Kreibig, 2010] , explaining the differences found for the 520 distinctive emotional states and their distinctive facial areas.
521
It is unlikely that the thermal results of this study were notably affected by bodily 522 movements of the monkeys and apes. Specifically, there was no indication in the data 523 that any rapid movement of the subjects resulted in higher facial skin temperatures than 
